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Ⅰ Introdu ctioll
T heTarim Basinislocated inthe ce ntralpart of Eu ra sian Contine ntandis atypICalinla ndbasin,
withal- area OF 53 0,000 krn
2
in the extren-e aridz o n e･ Aro u ndtheba sin the rearehuge m ou ntains
s u ch a sthe Ku nlu n mou ntair)sto the s o uth; the Tia n sha n M o u ntair)s to the n o rth a ndthe Pamir
plate a uto the w e st. T he c e ntralpart ofthe Tarim BasiJlis o c cupiedbythe Tak】im akan De s ert,
e xte nd ingca. 1,5 00 km fr o m west to e a st a nd c a. 600 km northto s outh with an ar ea of 338,000
km2･
Severallarge riv e rs a ndgro u ndw ater w er efor m ed du eto the de v elopm e nt of al1uvial fans at the
fo ots ofsu rro u ndig m ou ntainsin the Tarim Ba sin. T heTarim Riv ersyste mis a m畠in river syste m
in theTarim Basin. T he Ya rka ntRiv e rin the w e st a ndthe K hota nRiv e r inthe southw e st andthe
Keriya Riv e rin the south o n c e r e achedthe Tarim Rive rin a n cie nt tim e s,but
t
n o w onlyll-eflo od
w ate r c a nflo w ed into the Tarim Riv e r. Atpr e s ent, thele ngthofriversin thede sert cha nge sgre atly
ye ar by ye arwiththe flu ctu atio nin the a m o u nt of discha rge. Fo r e xa mple, in 1991, the Keriya
Rive r r e a cheda sfar a s200km fro mthe Keriya o a si tothelo w er re a che sinDaryaboyi,butin1992,
the riverdis chargedis appe ar ed at thepozr)Ica. 130 km a w ayfro m the Keriya o a si .
1n fa ct
,
the hydrologlCal e nvir o n m ent is
■
changl ng C O r)tirluOuSIy In the TarilTI BasirI,
pr e cIPltatio n, river w ater a ndgr ou nd w ater w e re not equlVale nt to ev apo r atio nlossfrom theland
su rfa c e
,
lo w e r r e a ches ofriv e rs a nds o m elake su rface.
T hepr e s e nt studyisinte r)dingto:
To synthesize patter ns, pro cesses a rid the r elatio nship betw ee nthe cha ngesin hydr ologl Cal
e n viro n me nt a ndla nd degradatio ncurrentlytakenpla c eintheTarim Ba sin･
Ⅲ Hydrologic alEnviron lllent
1. Ajrte mpe ratur e
The a v er age airte mperatu reinthe s u rrou nding ar e as oftheTaklim aka nDe s ert ra nge sfr o m
-9℃
inJanu aryto 25℃ inJuly. Itis e xtrem elyhotin s um me r, ge ne raI】yin July andgr o und s urface
te mperatu r es om etim e s e x c e ed 60℃ ･ In c o ntrast, itis extre m ely c oldir) winter･ T herefo re, the
an n u alra nge ofairtem peraturein the Taklim akan De sertis v ery]a rge･ Forinstan c e, at K hotan
statio nthe annu al m e a n airte mpe ratu reis12･2℃ , a ndthe m ea nairtempe ratu reis25･6℃ inJuly,
andthatis -5.4℃ in Ja n uary. The daily range ofairtemperatureis ve ry appa r e nt a nd generally
12･5℃ atKhota n･ Especialyduring a utum n, thed ailyra nge of airtelT)per atu r eislargest. Re c e ntly,
airtempe r atu re sinand a rou ndthe Taklim akan Desertha sbe e n Tislng Obvious一y ln al】statio n sin
winter, The me a nsu rfa ce air te mperatu r ehas ris en abo ut3･O
o
C with a ra nge fr o m2･Oto 9･0℃
sin c e195la ndthe ris en rate r eache s0.05-0.21℃/ye arin winter(Fig. 1)
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2
.
Pre cipltatio n
ln the Ta rjm Ba sin the a nn ual m e an pr e c]pltatior), w hich is c o r) c e ntrated fro m June to
Septemberis reduc edBraduallyfr om the w est to the e a st. The s outhe r nandthe e a stern a r e as a r e
e xtre m e一ya rid, the a n nu aln=e an pr ecipitatio nis only0to50 m m (Che f)g, 1992). Thepre cipitation
orce ntralpa rt of de s e rtis u nkn ow n,be c au se ofthereis no m et o r olglC alstation. The m e a rl an n u al
pre clpltatio n ofTurparlis 17 m m , andthe other o a s e slo c ated in the rnargtnalr eg1 0n Ofthe
Taklim aka nDes e rta re r angl ngfro m20 to70m m.
Rec ently, there ar e s om e cha nge sin the a m o u nt ofpr eclpitation in the Tarirrl Ba sin. Fo r
e x a mple, s u mワerPrecipitatio n se em s to be inc.Teasing at Qa rkilkin the s o uthe a ste r npa rt ofthe
Tarim Ba sin sln C e1950s･ T he annu alprecIPitatlO rL
'
s w er e16,2 m min the 1950s
,
18.0 m m ir)the
1970s and40･O m min the1 980s, re spectively(Yin etal., 1992).
3
. Ev apotransplr atio n
Be c a use ofthe e xisteJICe Ofthe Tianshan M o u ntair)s the air with w ate r vapo r can not r eachthe
Ta riLTIBasin
,
w hich locatedinthe]e eside ofthe Tia nsha n M o untain Ranges. How e v e r, ther eis a
tr a ck of m oistu retransportation from theIndian Ocea nalong s o m e riv er v alleys ar)dthe m oistu r e
c a narrive at the s o ut】l edge oftheTa rim Basin so m eth71eSin su m m er.
How ever moisture holding airflo w sin a nd arou nd the Ta rim Ba sin a r e w e ake rin s u m m e rand
stronge rin winter･ Ac cordingly, l nthedes ert a re a not only pr e ciplt ationislargelylimited,but als o
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a nrrualevaporation(pote ntialev apo ration)is veryhigh. Itis ov
.
e r2000m m m o st of the station sin
the Ta rim Ba sin･ Fo r exモmPle, the anrrualpofe ntialev apotr a n splrationis2602 m tTl(re c ordedimthe
loc al m ete o rol gic alstati o n)atK hota n.
But
,
a c c ordingto ou r c alc ulation sbyu singTho r nthwaite m ethodthepote ntialevapotr a n splration
fro mthe su rfa c e are ve rylarge a nd stror)g ln and around Taklim akan Desert. Data ofthe rlVe
m eteorologic al statio n s(lo c ated ar ound Taklim akarL Des ert)forthe ye a rs195 9-I,979are show nin
OHP･ The a
.
nヮualpote ntial e v apotra n spiratio njs78718m m andthe w ate rde石citis
- 73 5･7m m(the
a n n u alprecIPltatio nis 5 2･lm m)at Ka shgar. ln the s outhe m part ofthe Taklim aka nDe s ert, the
pote ntial e vapotranspl ratio nis highertha nthe otherpla ces. For e x a mple, The a n rlualpotefltial
e v apotranspiration is 804.3m m and the w aterdeficitis - 770,8rn m(the a n nu al pr ecipitatiorlis
33.5m m , 1250-13 00m a.s.Ⅰ)atK hota n(Fig. 2).
4. Humidity
T he aTlnu alm e a n r elativ eairhu midity lSlow erin su m m er a nd higherin autu m n and witlter. For
e xa mple, the m e an an nu al r elativ e air humidityis 42 %at K hotarI, but the se a s o nalv ariatiorl Of
relativehumidity lS Verylarge, a nd it cha nges withthe cha nge oftemperatu re betw e ellday a nd
night, The relative air humidityis higher when the te mpe ratur efals do wn;itis ca. 50 % fr o m
NovernbertoFebruary1
5. Wate rRe s ou rc e s
Thedischarge ofriv er sente rlngI ntotheTarim Ba sindepe nds m o stly o nthe m eltiTlg Ofs no w and
ic eofs u rr o u ndighigh m ou ntains .The riv erdis chargeis m ainly con ce rltr atedtothe sprJ ng and
su m mer se as ons
,
a nd it a c c o untsfor60-70 %ofan n u al discharge. So m etim e sno o°s oc cu rsduring
the s n o w- rr) elt se as o n. But
,
the a n n u al dis chargeis relativ ely stable a ndit m ake supthe m ainpa rt of
the wate r res ou r c e s a ndplays animporta nt rolein maintainl ngthe e c ol glC ale nvir o n mer)tin the
Ba sin. T he Aksu
,
Ya rka nt a nd K hotan Riv e rsJOl n at n e arArala nd for m edthe Tarim Riv e r. The
Tarim Rive ris一o c ated atthe forela ndplain oftheTiansha nM ou ntain s. T he a nrm al dis charge ofthe
riv eris c o mpo s ed of72.0% from the A ksuRive r, 22.5 % fr om the K hotan River and5･5% &o mthe
YarkantRiv e r
,
r e spectiv ely(Wa ng, 19 1).
Ther e ar e m a nylake s, ina nda r o ur)dtheBasirI･ Intheplain a re a,the re are Bagra sbLake, Aydihg
Lake a nd ShekarLake. The selake s ar etheirnportarltSu rfac e w ate r re s o u rc e s, e speciallyfr esh w ater
lake s c arlbe used a sim gatio n w aterfor agrl Cultur e,
Ther e a r e al rge am o u nt ofgrou ndw ater res o urces in the aquife r ofthe Basin(av ailable
groundw ater re s ou r
.
c es c a･ 1･3616*10】
O
m
3
)･ lnthe piedm o ntfan ar ea s, whe re shallo w gr o u ndw ater
.
is
rich and m a ny sprlngS a re C O n C e ntrated. W aterle akage plays an adju stm ent and s upply role m
abstr a ctlng gr O u rldw ater alongthe rivers･ For e x a mple, the an n u al discharge ofthe Keriya Riv eris
7.06×108m3
,
a nd56 %of discharge 4.0×108m3 , w ateris us eda sirrlgatio n wate rfor agrlC ulture
a ndthe re m ain ed 3.0×1 08m3 w ate rsti】t le akinginto the ground a nd recharge the gr ou ndw ater
pe rye a r(Soiland La nd Res o u rc e sintheTak】im aka nDe s ert,1 994)I
Ⅲ LandDegr adation
The Ta rim Ba sin is o n e ofthe r eg1 0n S affected byla nd degr adation:degr adation of itsla nds
re s ultingfro m the cha nges of hydrologlC alerlVir o nm e ntandhu m a n a ctivities･
1. Sa ndyDesertificatio n
In the Tarim Ba sin
,
c a
,
857
,
000ha(W ang, 19 6)oflandsha v ebe e ndesertified by wind er o sion
duringthela st c entury(Z hu, 19g7)･ Especially,in theba nk region ofthe Tahm Riv e r38,000ha of
la nd have be e nde s ertified be c a usethe w ate rs upply fro m rlV er ru nOff had bee n c ut off. This
o c cupie s61% ofthetotalarea ofal】uvia]plain of Tarim Riv erL
Alo ngthelow er r e a ches oftheTarim a ndtl-eKonqi Riv ersde sertirledla nds ac c o untfor c a･ 6 6%
oFthe total ar e a
,
including 49 % of late nt a nd w e akly de s erlified lands and 51 %of s e v er ely
de c ertified la nds(Xia nd Z bo u, 1 983)･
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2. Vegetation Degradatio rL
Atle a st285,000 ha ofPopt(Ills el(Ph7
･
alic a wo odlands w erede str oyedsin c e1958n ot o nlyinthe
lo w er reachesbut als ohlthe middle re ache s ofthe Tarim Riv e r(Fan, 1 98 4). The re sult w as that
32 %of w o odla nd disappe a red a nd 1 0 %of w o odland w a sde v alu ated in the Tarim Basin(Wang,
1996).
3, Soil Satiniz ation
hthe Taklim akan Des ert
,
s alt a c u rr]ulatio nis v ery conspI C u Ou Salongthe riv er c o u rse be c a us e
of inte nsive evapor ation(2･000
-2
･
5 00m m/ye ar)a nd low pr ecipitatio n(0-80m m/year). T he ar e a
affected bys a】inlZ ation5,85 7,100 ha(Li, 1984), m ainlydistributedinthe Ta rim Basin.
4. LandAridiz ation
ln addito nto the abo v e m ajorde s ertified tar)dtype s, thereis arlOthe rimporta nt e nviro n mental
degradatio n r esultir)gfro m car eless m a n agem ent of w ater res o u r ces. Thisis ac o m mon pr oble rnin
m a ny c an al irngation a rea sintheTa rim Ba sin.
I)Du eto the agricultu ralde velopm e r)I o nalarge scale m a nyre se rv oirs were constructed. Asthe
re sult the s om e cha nges or distributionpatte rnin watersystem o c curred.
2)T he r e w a s e n o ughru r)offs othat ala rgelake, the Lop NUTLake with m o retha n535,00 ha,
w asfo r m ed at the end oftheTarim Riv er syste m･ In 1921, the Tarim Riv e r cha nged its riv er cou rs e
a nd f一o w edto the old Lop Nu rLake, a ndthelake ar e awith m oretha n200, 00 ha wa sform ed. But,
in 1970s w ate r s upplyto thelo w er r e a cheshasde cr e a s ed. Asthe result thefa mous Lop Nu rLake
w asdis ap pear ed in1972, aridgro undw aterle v el in thelo w e r e a che s ofthe Tarim Riv e r, lo wered
fr om 3-5 rnin the1950sto 8-10inthe1980s(Z hu eE a]., 1988;Z hu andW a ng, 1996).
3)Riv e r w ater wa sfre sh withthe rrlin e ral con c entratio noflow ertha n1g/1(O kada eta/J 995)
inthepa st. Butr) o w, the riv e r w ate rjsfresh(the rnirler alc o n c e ntr atio nlow er than 1g/I)o nlyin 3
m o nths, a ndbra ckish(ト3g/1)in 3 m o nths a nd s alt w ate r(m or etha n3g/])ir16 m o r)ths(Z hu e/ a/. ,
1988)･ Irladdit o n,the min e ralcon c er)tration ofthelake w ate rin c r e a s ed contir)uo u sly.
IV Dis c llSSio l alld CoICltlSion
According to ou rin v e sbgation, e n viron mental cha nges due to the cha nges of hydr oTogIC a]
e nviron m e nthav e r esulted fro m follo w lr)g re as o ns:
l. Ev apotr an splration
Ev apotr a nspJr ationis u sedf♭r vegetated s u rfa c e. T he a n n ualevapotra n splr atio nisdifferentin a nd
arou nd o asesintheTarim Basin･ Ac cordingto our c a】c u】atibn sthe a n n u alprec]pltationis abo ut25-
100m m
,
a n n u al e v apotra nsplr atio rlis abo utl OOm m at K hotarl Station . So that, 1 nSitu atio n swhe r e
this an nualpre c]pltation is c omp)etely evapo rate a nd to cre ate ir)te nse water deficit. T hus the
pote ntial e v apotra nsplr ation wnl･re a chedto abo v e500mlnirl the o ase s, ir)s om ede s ert ar e athe
potentiale vapotransp】ration wi 1lre a chedlOOOrr) m･ T he oas e s, w hich loc atedin the s o t)the m part of
theTa rim Ba sin
,
locatedbetw e en25m m a nd1 0 m rnis ohyeL M a ny o as e sin the n ollhe r npart ofthe
Tarim Ba sin a r elocated betw e e n25m m -200rn mis ohyet and lOOrr)m -200m m is ogra m of a n nua)
e v apotra n splr atio n, the refo re, hlgher te mpe rature s m ay still lead to a general in c re a s ein
e vapotr a n splration･ As the result the precIP]tation willevapo r ate co rnpletely, especially ln the
w a r mers e as onsI In ge n er a= his wille adtoins ufficierlCy Ofw ate rinthe ar ea s･ Fo r exa mple, m any
oa sesloc atedbetw e er11m m a nd 5m m is ogra m ofrn e ar) a n n u alriver ru noff, a ndthe o as es, which
lo c atedinthe w e st a nd northpart oftheTarim Ba sin,lo c ated betw ee nlrn m a nd5m mis ogram of
m ea n ar mualriv e r ru nofF, Bec a use ofthereis no en oughrainfal inthe c e ntralpa rtofthedes e rt,the
deficit of riv er w ater(ru noff) re ached to abo ut lOOOm m pe r ye ar. Riv er run ofFa nd runoff
c o effic e ntstr e ndtobehigherirlthe S urr o u nding m ountain areas(Fig. 3).
- 14 -
ru qi
500
-
･ 亀
5
題 意.1
'
,
1
,
i
-
､ L ･ ･
ゝ ･
′
.
-
J
L
,
＼
-鮎.i. ～
▲
笥3fooltLl
qu ･,
`
一 ‾ -
t
' '
t
'
ち襲f:;e;7g
e
-
v
==
Qf
J
-
A
>ig
Q;j
u
aa,
/
o
g3i
L
&g:E{;,8;B
o
i
l
;
.
:
:
I
:i57
500kn
- M色a n 且n n tld ziver ru nd だ(m m)
- - RtlhOq C O efBcie nt
- - - - De丘dt of riv e r w ater r e S Ot m e S(m m)
Fig. .3 D istri bdion ofthe m e a n a n n ll al riv e r rt n oZf, m o∬ 亡C e缶 cient a nd
de丘d tofri▼e r w ate r r es o l u C e Sin the 拙 m Z h 貞n
2. W ate rRe sou r c es Ma n age nl e nt
1)The riv er water which f[o w edtothelow er r e a ches reduced sharply. The‾irrigated far mland,
which w asdistributed on thelo wer re a che softhe m anyl n]ar)d riv ers, w as aba ndo ned bec a u se of
sho r(age of w ate rs upply. So that, theJar)ddegradatio nin thelo w e re a ches orriv eris caus edby
the misuse ofinla r)driver waterin the up per a nd mi dd】e re a chesintheTa rirn Basin ,
2)The gr o u r)dw ate rle v el一ow er ed 4-6m betw e e n1959aJ-d1979illthe Argan Districtlocated in
thelo w e r re ache s ofthe Tarim Rive r, AIJoftho se pr o v etheland degradationin thefo r mof la nd
aridizadon. Fr o mthe r es ults ofthe fJeld inve st.
1Bation fr o m1993to1995,in the midle re a ches of
theTarim Riverthere are m any o一d dried riv er c o urs e s ontheboth side s oftheprese ntriverc ou rse s
with80-loo km width.
Due to the change sirl Water S upply, e spe ciallylo w enrlg Ofthe gro u ndw ate rle v el, Popt(hIS
e NPhl
･
alic a wo odla nds w er egre atly degenerated ar)d form erla nds cape ofrlatu r al w o odla nds was
tur n ed into thelandsc apeof wither ed w o od]aLlds o rbar e s a ndys u rfa c e(Fig. 4),
3. SoilSalinization
I)Inthe Tarim Basin,Ia ndsaliniz ationis are s ult ofthela rge
,
a m ount of w ate rin{1)tration fr o m
the riv ers a nd irrlgation c a n alsto the su rrou rlding areasL Espe cl aly, the w ater s eepage fro m the
c a n als a r e s o s erio u s a nd 2,565milion m
3
ofriv e r w aterhavebe e n re chargedto grou ndw aterper
ye ar(Lei･ 1995)･ The uti一ization
.
coefrlCie nt of can alsis only from O14 to Or45o nthe av er age,
althoughagr eatam o u r)t ofirrigat10n Wate r Suppliedtothefar mlands1
2)ltis very clearthat, especia一lyin ar)a rid ar e a, w aterle akage arou ndadam ha sbro ught abo ut
dis adva ntageo u sinfluenc eon su rro u nding are a sdu eto the risl ng Ofgroundw ate r一e v el, re sulting l n
s e v ersoilsaliniz atio n.
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